Objective: The aim of the study was to evaluate whether climacteric symptoms are related to urinary incontinence (UI) in postmenopausal women.
U rinary incontinence (UI) is an involuntary loss of urine, which is a consequence of increased abdominal pressure, a hyperactive bladder contraction, or both. 1 Major risk factors for UI include older age, increased body mass index (BMI), abdominal adiposity, pelvic floor defects, pregnancies, deliveries, depression, use of neuroactive drugs, hysterectomy, and smoking. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Prevalence of UI increases around menopause, [12] [13] [14] but gonadal steroid levels are not different in postmenopausal women with and without UI. 15 It has been hypothesized that women in the process of developing UI present a higher vulnerability to gonadal steroid withdrawal. 16 A higher vulnerability to gonadal steroid withdrawal has also been hypothesized for those postmenopausal women experiencing more intense climacteric symptoms, and concomitantly, as a result, they may be at a higher risk for cardiovascular disease [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] and osteoporosis. [27] [28] [29] [30] OBJECTIVES Whether an association between UI and a higher degree of climacteric symptoms does exist is currently unknown, and it was herein investigated.
METHODS

Study design and setting
Cross-sectional investigation of the data extracted from an electronic database of the menopause outpatient service of our University Hospital was studied. The local ethics committee and the Institutional Review Board previously approved the anonymous extraction of the data.
All postmenopausal women who were analyzed had previously signed an informed consent, allowing the anonymous use of their data for scientific purposes. Data of each woman were collected and entered into a computer database at the time of their examination. Subsequently, they were anonymously retrieved for statistical analysis. Our database included specific information on UI since January 2010. Accordingly, only the first consultant exam, performed between January 2010 and December 2015, was considered.
Participants
Of the 2,576 extracted records, 702 were excluded because the women were in pre-or perimenopause (defined as irregular menstrual cycles, up to amenorrhea for <12 mo, experience of climacteric symptoms, and follicle-stimulating hormone serum level >30 IU/L). The other 190 records were discarded due to incomplete data, and 156 were discarded because they were difficult to characterize, due to the coexistence of stress incontinence with a feeling of urgency but without incontinence. Finally, 24 records were discarded because they referred to women who were treated with vaginal estriol. The limited number of these records did not allow for any statistical analysis. Accordingly, final analysis was performed on 1,502 postmenopausal women (Fig. 1 ).
Variables and data measurement
Climacteric symptoms were evaluated by the Greene Climacteric Scale. 31 The climacteric scale is composed of 21 items, and it evaluates vasomotor symptoms (two items), anxiety (six items), depression (five items), somatic symptoms (seven items), and sexuality (one item). Each item has four options that range from not at all (0), mild (1), moderate (2) , to severe (3). The sum of the items' score is used to obtain the score of the Greene Climacteric Scale as a whole (range, 0-63). The scores of the individual subscales for vasomotor symptoms (range, 0-6), anxiety (range, 0-18), depression (range, 0-5), somatic symptoms (range, 0-21), and sexuality (range, 0-3) were also evaluated. Total score and subscales scores were extracted and used in the analysis as numerical data.
The Y-1 form of the State-Trait Anxiety Inventory (STAI) has been used to specifically evaluate the state of anxiety, 32 and the Zung's scale (SDS) was used to specifically evaluate
CAGNACCI ET AL depression. 33 These scales are made up of 20 questions with four possible answers (score 1-4). Scores range from 20 (best) to 80 (worst). UI had been evaluated by three incontinencebased questionnaires (3IQ). 34 Terms like ''stress,'' ''urge,'' and ''mixed'' UI were defined according to the International Continence Society classification. 1, 35 Stress UI was defined as the complaint of involuntary leakage while making any kind of effort, or while sneezing or coughing. Urge UI is the complaint of involuntary leakage, accompanied by, or immediately preceded by, urgency. Mixed UI is the complaint of involuntary leakage, associated with urgency and also with any effort, sneezing, or coughing. Urgency, without incontinence, was defined as the presence of frequency and nocturia without urine leakage. Additional data retrieved were related to age, age at menarche, age at menopause, previous pregnancies, number of term pregnancies, number of deliveries and caesarean sections, type of menopause (physiological/ surgical or induced/hysterectomy), current and former use of hormone therapy (HT) (no/yes), route of HT administration (oral or transdermal), treatment with anxiolytics (no/yes), smoking (never or ever), marital status (unmarried, married, divorced, or widow), education, divided into low (primary school), middle (high school), and high (university degree). Height (in meters) and weight (in kilograms) were obtained from women who were barefoot and wore light clothes, and the waist circumference was measured on standing women along the horizontal plane, at the level of the natural waist (narrowest abdominal circumference). BMI was calculated as the ratio of weight in kilograms to the square of height in meters (BMI; kg/m 2 ). The presence of bladder, uterus, or rectal prolapse was evaluated at the time of examination, according to the Baden-Walker halfway stratification. 36 Experienced physicians trained in evaluating pelvic floor defects performed the examinations. To reduce the interobserver variability, we decided to analyze only the presence or absence of the defects, rather than its degree.
Statistical methods
Data distribution was assessed and found to be normal allowing for use of parametric tests. The Student's t test was used for comparing data of women with and without UI.
Comparison among the groups of women with stress, urge, and mixed UI was performed by the analysis of variance followed, wherever significant, by Fischer's post hoc test. Frequencies were compared using contingency tables and the x 2 test. Simple logistic regression analysis was used to identify determinants of (or factors related to ) UI and its subtypes. UI as a whole or its subtypes were used as a dependent variable. Collinearity among the covariates was tested through a simple regression analysis. Collinearity was accepted with a coefficient of regression of more than 0.7. 37 Multiple logistic regression models were constructed with UI or its subtypes as the dependent variable, and all those parameters were found to be significantly related (or more strongly related in the case of collinearity) to UI and its subtypes (model 1) were considered as independent variables. To evaluate the composite burden of the climacteric symptoms, the Greene scale scores, and not its subscale's scores, were entered into the logistic regression models. For each regression model, the R 2 is provided as a measure of the quality of the model. R 2 indicates the proportion of the dependent variable's variability that is explained by the independent variables. 37 In an additional analysis, Greene score data were divided into quartiles. Frequency of UI in the different quartiles was evaluated and compared by contingency tables and the x 2 test. An additional multiple logistic regression model was constructed with the fourth quartile of the Greene Climacteric Scale (yes/ no) rather than the Greene score, as independent variable. Statistical analysis was performed by the statistical package StatView 5.01 (SAS Institute Inc., 1998, SAS Campus Drive, Cary, NC). For all parameters, a two-tailed P < 0.05 was considered to be significant. All the numerical results are expressed as mean AE SD.
RESULTS
Participants and descriptive data
The participating women were all white: 1,072 (71.4%) were in physiological menopause (amenorrhea for !12 mo, and follicle-stimulating hormone level >40 IU/L), 196 (13.0%) in surgical menopause (ovariectomy plus hysterectomy), and 234 (15.6%) had undergone hysterectomy with ovarian conservation. Four hundred sixty-six women (31.0%) had been receiving HT for at least 3 months: either a combination of estrogen plus progestogen therapy (n ¼ 320) or estrogen-only therapy (n ¼ 146), whether they had undergone physiological or surgical menopause, respectively. Three hundred twenty-four women were former users of HT. Nine hundred sixty-eight (64.4%) postmenopausal women did not suffer from UI, whereas 534 (35.6%) did ( Table 1) .
Characteristics of women with UI
Women with UI had a higher score on the Greene Climacteric Scale and its subscales, of the STAI (Y-I) scale for anxiety, and of the Zung's scale for depression. They also had an older age at menopause, were married, a higher rate of hysterectomy, more frequent marital status, lower level of education, and a higher prevalence of bladder and rectal prolapse (Table 1) . Three hundred seventy (69.3%) women suffered from stress, 84 (15.7%) from urge, and 80 (15.0%) from mixed UI (Fig. 1) . A higher score of the Greene Climacteric Scale was present (P ¼ 0.0001) in women with all three types of UI (Fig. 2) .
Climacteric symptoms and UI
In simple logistic regression, UI was associated with the Greene score for climacteric symptoms, the Zung's score for depression, the STAI (Y-1) score for anxiety, the presence of a bladder or rectal prolapse, age, years since menopause, age at menopause, whether they have had a hysterectomy, their status as a housewife, and with lower education (Table 2) . Age and years since menopause were collinear, and only age INCONTINENCE AND CLIMACTERIC SYMPTOMS was considered in the subsequent analysis. In multiple logistic regression models, the Greene Climacteric Scale remained independently associated with UI, along with having a bladder prolapse, an older age at menopause, and having had a hysterectomy ( Table 2) . In an additional analysis, Greene score data were divided into quartiles, with the score ranging from 0 to 18 for the first, 19 to 28 for the second, 29 to 37 for the third, and higher than 37 for the fourth. Prevalence of UI progressively increased from the first (23%), to the second (32%), to the third (39%), and to the fourth (48%) quartile (P < 0.001). Having a Greene score higher than 37 was strongly associated with UI (OR 2.05; 95% CI, 1.61-2.60), even when it was corrected for significant covariates in a multiple logistic regression model (OR 2.09; 95% CI, 1.5-2.9).
Climacteric symptoms and stress UI
In simple logistic regression, stress UI was associated with the Greene score for climacteric symptoms, the STAI (Y-1) score for anxiety, the presence of a bladder or rectal prolapse, having been pregnant, being a housewife, and being married (Table 3) .
In multiple logistic regression models, the Greene climacteric score remained independently associated with stress UI, along with having bladder prolapse and having previous pregnancies (Table 3) . 
FIG. 2.
Mean (AESD) of the Greene scale scores of postmenopausal women with no urinary incontinence (UI), UI and its subtypes of stress, urge, and mixed UI. Ã P < 0.0001 vs no UI.
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Climacteric symptoms and urge UI In simple logistic regression, the urge UI was associated with the Greene score for climacteric symptoms, and inversely, associated to being treated with HT (Table 4) .
In multiple logistic regression models, the Greene climacteric score remained the only independent covariate for urge UI (Table 4) .
Climacteric symptoms and mixed UI
In simple logistic regression, mixed incontinence was associated with the Greene score for climacteric symptoms, the Zung's score for depression, the presence of a bladder prolapse, age, and use of anxiolytics (Table 5) .
In multiple logistic regression models, the Greene climacteric score remained independently associated with mixed UI, along with age and the presence of a bladder prolapse (Table 5) .
DISCUSSION
Key results
Women suffering from UI scored higher in Greene Climacteric Scale. UI is a complex and multifactorial disease, but the association with the Greene score was observed for any type of UI. Items in the Greene Climacteric Scale can be divided into subscales to define anxiety, depression, somatization, vasomotor symptoms, and sexuality. 31 For any score the results were higher in women with rather than without UI. On the contrary, when UI was split into its subtypes, not all, and not the same Greene subscales were independently associated with UI. Greene vasomotor and anxiety scores were associated with stress UI, Greene somatization score was associated with urge UI, and Greene sexuality score was associated with mixed UI. These differences may indicate that the mechanisms linking the association of UI and climacteric symptoms are different. When the Greene scale score, representing a global evaluation of the climacteric burden, was entered into the multiple logistic models, it excluded the association of anxiety and depression, determined by validated psychiatric self-administered scales. 32, 33 The presence of bladder prolapse was associated with UI. In epidemiological studies, where bladder prolapse was not evaluated, pregnancy and deliveries were associated with UI. 8, 11 These are the clear risk factors for pelvic floor defects. 38, 39 In our study, pregnancy remained an independent covariate of stress UI, even when bladder prolapse was considered.
A pattern of increasing prevalence of UI with advancing age had already been reported, 4, 5, 8, 10, 11 but, in our study, age remained a significant covariate of mixed UI. On the other hand, late menopause was associated with higher odds of UI. The reason for this association is unclear. Menopause, however, did not emerge as an independent covariate of the different subtypes of UI, and its association, as a whole, might be due to casualty. Nevertheless, the possibility of a prolonged estrogen exposure favoring UI cannot be disregarded, when it is considered that HT may increase the UI. 40 We did not find any clear association between HT use and UI, 40 apart from the reduced odds for urge UI, that disappeared in the multiple logistic regression models. In addition, no relation was found between UI and weight, BMI, or visceral adiposity, as previously reported in the literature. 5, [7] [8] [9] It is possible that the present study was not appropriate for this type of analysis, due to low BMI and waist circumference found in women.
Interpretation
The association between climacteric symptoms and UI can be the consequence of common modifications induced by gonadal steroid withdrawal. Central and peripheral neurotransmitter imbalances may underlie the occurrence of climacteric disturbances and UI. 41, 42 Furthermore, a higher rate of collagen loss 29 would be associated with climacteric symptoms, and may have an influence on pelvic floor support 43 and, consequently, on the UI.
Limitations
The present investigation has several limitations. Data were retrospectively retrieved by an electronic database. The Greene scale offers a subjective evaluation of the bother induced by climacteric symptoms without any objective evaluation. Urodynamic evaluation of UI was not performed like in most previously published studies.
2-5,7-9,11,13,14 The three incontinence questions, however, appeared as a quick, noninvasive test, with an acceptable accuracy of urodynamic investigation, for classifying urge, stress, and mixed UI in the primary care settings. 34 Additional limitations include lacking information on family history of UI, personal history of constipation, emphysema, and an instrumented delivery (which may have implications for pelvic floor function). The strength of the study is in the composite evaluation of climacteric symptoms, the inclusion of a physician's evaluation of pelvic floor defects, not performed in most of the previously published articles. Besides the limitations, overall, the data seem to indicate that women with UI have a higher degree of climacteric symptoms. 
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Generalizability
Prevalence of UI in women attending the menopause outpatient center at our University Hospital was approximately 36%. This is similar to the previously reported estimates of UI that were obtained in other populations and settings. 3, 5, 7 Stress UI was the most prevalent type, whereas urge and mixed UI showed a lower and similar prevalence. Nevertheless, the results cannot be generalized because they were obtained in a single center and in a selected population of white women. Furthermore, women were relatively young (less than 10 years since their menopause), and hence findings may not be applicable to an older cohort of women.
CONCLUSIONS A higher degree of climacteric symptoms is present in women with UI as previously reported for preclinical cardiovascular disease [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] and osteoporosis. [27] [28] [29] [30] Whether the endocrine and metabolic modifications associated with climacteric symptoms 21,25.29,44 play any causative role in favoring UI remains to be determined.
